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1.0 EXECUTIVE SUMMARY

Radian was contracted by The U.S. Environmental Protection Agency,

Emissions Measurement Branch, to conduct Volatile Organic Compound (VOC)

emissions testing at four commercial bakeries. Tests were conducted on a variety of

bakery ovens while baking different product types. The test procedures used were the

U.S. EPA Stationary Source Testing Method 25A for VOCs and Method 18 for methane,

ethanol and acetaldehyde determinations. Method 25A was used to quantify total

hydrocarbons (THC). Method 18 was employed to quantify methane and two of the

most prevalent VOC compounds (acetaldehyde and ethanol) in the bakery emission

stream. .Flow  rates were measured using U.S. EPA Methods l-4  and were used to

calculate emission rates of the above gas stream components.

As a part of the test program, process conditions were monitored by a

separate U.S. EPA contractor. Research Triangle Institute (RTI) monitored parameters

such as product type, production rates, yeast concentration, proofing time and others.

This report will only present the emissions data collected by Radian and will not include

any process information. A separate report completed by RTI will incorporate the

emission values presented in this report with the specific bakery process information.

Two sets of emission data were calculated. The first set presents VOC as

ethanol emissions calculated using the Method 25A and Method 18 methane test results.

(Ethanol concentrations typically made up over 98% of the total ethanol and

acetaldehyde concentrations). The second data set presents emission rates of ethanol

and acetaldehyde calculated from the Method 25A and the Method 18 ethanol and

acetaldehyde test results.

VOC as ethanol emissions were determined by first averaging

concentrations of THC over the respective test period. Non-methane hydrocarbon

concentrations were then determined by removing the methane concentration from the

275-02666/cah.lOlop l-l



THC  values. VOC as ethanol concentrations were determined by dividing the

non-methane hydrocarbon concentration by the ethanol carbon equivalent correction

factor (CECF). The CECF was empirically determined during and following the test

program. The VOC as ethanol concentrations were then multiplied by the respective

stack gas flow rates to determine VOC as ethanol emission rates.

Separate emissions rates of ethanol and acetaldehyde were calculated using

both the Method 25A THC and Method 18 test results. The average ethanol-to-THC

ratio was multiplied times the average THC concentration to determine an average

ethanol concentration and formulate a larger averaging data base within the testing time

period. Average acetaldehyde concentrations were calculated in the same manner. This

procedure assumed that the proportion of ethanol to THC and acetaldehyde to THC

remained constant throughout the test period. This assumption did not prove always to

be true; however, concentrations determined in this manner were very similar to

concentrations determined by averaging the Method 18 results alone. Results from both

calculation methods are presented. Ethanol and acetaldehyde emission rates were then

calculated by multiplying the average concentrations by the stack gas flow rates.

1.1 VOC as Ethanol Emissions

Emission rates of VOC as ethanol are presented in Table l-l. As

previously discussed, process data and production rates will not be given in this report.

Product types are signified by a letter designation. Some of the test runs are not

included in summary tables because these tests were only conducted on one of the two

stacks coming off the ovens and; therefore, do not represent the total emissions from the

ovens. A complete listing of all test results is given in Section 3.0 and in the attached

Appendices.

Emissions at Site 1 ranged from 12.9 - 15.8 lbs/hr  for the Bread Oven.

The Site 1 Bun oven showed lower emissions of 4.3 lbs/hr. The Site 2 emissions ranged

2754l2666/cah.l01 op l-2



Table 1- 1. VOC Emission Rates Assuming 100 % Ethanol
EPA Bakeries, (1992)

Site
Number

Site 1

Site 2

Product
Type

Bread A

BunB
Bread C
Bread A
Bread D

Bread E
Bun F

Bread G
Bread H

RUII voc  as Ethanol
NMlbCr Emission Rate

(lbchr)

Run1 12.908
Run2 4.290
Run3 12.548
Run4 15.771
Run5 14.801

Run6 11.489
Run7 17.750

Run 10 6.894
Run 12 40.940

Site 3

Site 4

Bun I’
BUlI
Bread J
Bread K
Bread L
BunM
Bread N
Bread K
Bread L

Run 13
Run 14
Run 15
Run 16
Run 17
Run 18
Run 19
Run 20
Run 21

4.739
3.390

12.676
15.473
13.038
3.782
7.475

16.55 1
15.804

Bread 0 Run 22 25.43 1
Bread P Run 23 30.499
Bread Q Run 24 26.760
Bread R RUn25 12.678
Bread 0 Run 26 27.687
Bread 0 Run 27 27.179
Bread Q Run 28 30.068
Buns Run29b 2.071
Buns Run 29 2.047
BunT RW130b 2.489
BWlT RUIl30 2.629

L

i Product Names and Production Rates are not included in this report.
Tests were conducted with a light steam spray injected at the front of the oven.
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from 6.9 - 11.5 lbs/hr  from Line 2, 17.8 lbs/hr  from Line 1 and 40.9 lbs/hr  from Line 3.

Site 3 emissions ranged from 3.4 - 4.7 lbs/hr  from the Bun oven to 7.5 - 16.5 lbs/hr  for

the bread oven. Site 4 emission rates varied from 12.7 - 30.5 lbs/hr  for the Bread oven

to 2.05 - 2.7 lbs/hr  for the Bun oven.

1.2 Ethanol and Acetaldehvde Emissions

Ethanol and acetaldehyde emission rates are shown in Table l-2. Site 1

ethanol values ranged from 14.3 - 18.8 lbs/hr  for the Bread oven. The corresponding

acetaldehyde values ranged from 0.33 - 0.78 lbs/hr. The Site 1 Bun oven emissions of

ethanol and acetaldehyde was 5.7 and 0.17 lbs/hr, respectively. The Site 2 ethanol

emissions ranged from 8.1 - 14.8 lbs/hr  for Line 1 oven, 22.2 lbs/hr  for the Line 2 oven,

and 64.6 lbs/hr  for the Line 3 oven. The corresponding acetaldehyde rates were 0.24 -

0.42 lbs/hr  for Line 1, 0.81 lbs/hr  for Line 2, and 2.5 lbs/hr  for Line 3. The Site 3

ethanol emissions ranged from 3.3 - 4.3 lbs/hr  for the Bun oven and 4.9 - 16.0 lbs/hr  for

the Bread oven. The corresponding acetaldehyde rates were 0.21 - 0.26 lbs/hr  for the

Bun oven and 0.29 - 0.37 lbs/hr  for the Bread oven. The Site 4 ethanol emissions were

24.8 - 53.1 lbs/hr  for the Bread oven and 2.3 - 3.1 lbs/hr  for the Bun oven. The

corresponding acetaldehyde emissions were 0.95 - 1.4 lbs/hr  for the Bread oven and 0.7 -

0.09 for the Bun oven.

1.3 Data Oualitv  Assurance

The majority of reference method QA acceptance criteria were met during

this test program. There were 10 days of testing using two THC monitoring systems (20

system days). Method 25A daily calibration drift did not exceed the criterion of +3% on

nineteen of the twenty system days. The Site 1, Day 1 Method 25A test data exhibited a

calibration drift of 3.2%; therefore, the drift was corrected by assuming linear drift

between the initial and final calibration. Over 150 Method 25A calibration error checks

were performed during the test program. The majority of these calibration error checks
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Table l-2. Ethanol and Acetaldehyde Emission Rates.
EPA Bakeries, (1992)

Site
i

Product
Number 1 Type

site 1

Bread A
BunB
Bread C
Bread A
Bread D

site 2

Bread E
BunF
Bread G
Bread H

RIlIb
NU.&X

Run1
Run2
Run3
Run4
Run5

Run6
Run7
Run 10
Run 12

Ethanol Acetaldehyde
Ehiti~n  Rate Emission  Rate

(lb/l@ (lti)

14.250 0.336
5.730 0.174

18.810 0.784
15.470 0.328
17.720 0.387

14.820 0.417
22.100 0.806

8.080 0.239

64.580 2.509
Site 3

site 4

Bun I’ Run 13
Bu.UI Run 14
Bread J Run 15
Bread K Run 16
Bread L Run 17
BunM Run 18
Bread N Run 19
Bread K Run 20
Bread L Run 21

-I-

Bread 0
Bread P
Bread Q
Bread R
Bread 0
Bread 0
Bread Q
Buns
Buns
BunT
BunT

Run 22 35.700 1.016
Run 23 53.080 1.371
Run 24 43.280 1.368
Run25 24.790 0.995
Run 26 32.240 0.971
Run 27 30.920 0.945
Run28 38.930 1.109

Run29b 2.270 0.066
Run 29 2.830 0.09

RU130b 2.630 0.066
RUl30 3.060 0.079

L

4.330 0.263
3.280 0.2 13
9.810 0.33 1

11.420 0.367
1 2 4 5 0 0.3 14
3.990 0.239
4.890 0.292

15.980 0 .3
14.990 0.364

“ , Product Names and Production Rates are not included in this report.
Tests were conducted with a light steam spray injected at the front of the oven.
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met the Method 25A  criterion of +5% of the gas concentration. Method 25A  sample

bias checks, as well as 0, leak checks were also completed.

Method 18 QA/QC  procedures were also followed. Initial and final

calibrations were performed. Calibrations for ethanol and acetaldehyde were all

completed using 3 to 5 calibration points. Multi-point calibrations were also performed

on methane for low concentrations on all of the test days (< 900 ppmC). On 5 of the

test days, a single point calibration was used on higher methane values. This procedure

was not expected to effect data quality.

Sample bias checks were routinely conducted on the Method 18 sampling

system and the majority verified acceptable non-biased sampling. However, some checks

revealed sample bias caused by the loss of heat in the heated sample tubing adjacent to

the gas chromatograph  (GC). These data points were invalid and testing was

discontinued until the problem was remedied and a successful bias check had been

completed. More is discussed on this matter in Section 6.0.

1.4 Recommendations for Further Work

Further work is recommended to further characterize bakery emissions and

to improve the test method. Compounds other than ethanol and acetaldehyde were not

detected by the Method 18 analyses. However, trace (< 10 ppmv) levels of other

compounds may be present in the bakery stream and although these compounds would

not be expected to increase VOC emission rates, it would be interesting to identify them.

Another area which could be further examined is the comparison of

Method 18 GC results to the Method 25A THC results. It was expected that the

concentration of THC detected by the Method 25A analyzer would exceed the

concentrations of the three targeted VOC compounds. However, throughout this test

program, a higher concentration of compounds was determined by the GC than by the

275-026-66/cah.101  op l-6



h

THC monitor. Comparisons were made by first correcting concentrations of each

compound determined from the GC analysis from parts per million by volume (ppmv) to

ppmv as Carbon (ppmC).  This was done using the previously mentioned CECF of 1.42

for ethanol, 1.23 for acetaldehyde, and 1 for methane. The sum of the the three

corrected GC concentrations were then divided by the THC concentration. Typically,

comparisons resulted in values of 120-140%  of GC vs THC values. This error may be a

result of inaccuracy in the CECF as it was applied to the sample gas matrix. Matrix

effects may have somehow lowered the THC response (CECF) for ethanol as compared

to the ethanol response in a dry, nitrogen calibration gas. Further work examining this

Method 18 and Method 25A  results comparison could be examined.
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2.0 INTRODUCTION

2.1 Overview

The U.S. Environmental Protection Agency (U.S. EPA) has been requested

to develop an alternative control technique (ACT) guidance document for controlling

Volatile Organic Carbon (VOC) emissions from commercial baking operations. Interest

has also been expressed in recalculating the AP-42l  emission factors for bakery VOC

emissions. Ethanol (qH,OH)  is the primary pollutant emitted from commercial

bakeries.2 Ethanol along with Carbon Dioxide (CO,) is produced during the yeast

metabolic process. Previous test data from bakeries has also revealed the presence of

acetaldehyde (CH,CH0).2  Therefore, in conjunction with the development of an ACI’

document and new AP-42 emission factors, the U.S. EPA has contracted Radian

Corporation to perform emissions testing of several commercial bakeries in order to

gather the necessary background emissions data. This report will present the results of

the U.S. EPA Bakeries test program.

The test procedures used were the U.S. EPA Stationary Source Testing

Method 25A  for VOCs and Method 18 for methane, ethanol and acetaldehyde

determinations. Method 25A  was used to quantify total hydrocarbons (THC). Method

18 was employed to quantify methane and two of the most prevalent VOC compounds

(acetaldehyde and ethanol) in the bakery emission stream. By combining both

procedures, the VOC emissions were fully characterized.

As a part of this data gathering phase, U.S. EPA contracted Research

Triangle Institute (RTI) to monitor the baking process parameters during the emissions

‘Compilation of Air Pollutant Emission Factors, Section 6.13, U.S. EPA (1972).

2Background  Documentation for AP-42, Section 6.13, Bakeries, PES for U.S. EPA
(1972).
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tests. Items such as dough mixing process, fermentation (proofing) time, yeast

concentration, production rates and others were monitored. However, this report will

only present emissions data, that will be used with the process and production rate data

to develop emission factors that will be presented in a separate document.

2.2 Test Obiectives

The objectives of this test program was to determine VOC emission rates

as well as ethanol and acetaldehyde emission rates. The data could then be used to

determine of which air pollution control techniques would be effective for the bakery

industry. As discussed above, it was also desirable to correlate the emissions data with

process data to update and/or verify the emission factors for commercial bakeries.

2.3 Test Methods

Because each oven had at least two stacks, concentrations of THC were

continuously and simultaneously monitored on each stack using two THC continuous

emissions monitoring systems (CEMS). The THC data was typically recorded on every

10 seconds a computer disk. The resulting THC data were then averaged over each

period of time corresponding to a distinct segment of the process operation (i.e., 30

minute sandwich bread baking process). Methane, ethanol and acetaldehyde

concentrations were measured semi-continuously using discrete analyses by a Gas

Chromatograph/Flame Ionization Detector (GC/FID).  One GC/FID  analyzer was used

for this test program. One analysis of methane, acetaldehyde, and ethanol could be

completed every 10 minutes; therefore, a full oven characterization could be completed

every 20 minutes (2 stacks per oven).

Method 25A  .and  Method 18 required extracting a sample stream of the gas

from the stack through a heated Teflon* tube. A portion of the sample was directed to

a THC analyzer which quantified THC on a real-time basis by a Flame Ionization
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Detector (FID). The THC analyzer processes unconditional gas samples; therefore,

concentrations are characterized ppmv, on a wet basis. A portion of the remaining gas

stream was directed to the Method 18 gas chromatograph. The GC column separated

individual hydrocarbons which were quantified with the FID.

Gas flow rate was determined by using the U.S. EPA Method 2. This

method called for measuring the velocity of the gas stream and by multiplying it by the

stack cross-sectional area, a volumetric flow rate was determined. Method 2 also called

for point location determination to be made by Method 1, CO, and 0, concentrations by

Method 3 and moisture content by Method 4.

2.4 Data Reduction

As previously discussed, two sets of emission data were calculated. The

first set presents VOC as ethanol emissions calculated using the Method 25A  and the

Method 18 methane test results. The second data set presents emission rates of ethanol

and acetaldehyde calculated from the Method 25A  and the Method 18 ethanol and

acetaldehyde test results. The data reduction methods used are summarized in the

following paragraphs.

Method 25A  requires THC data to be reported in units of parts per million

as Carbon (ppmc).  Preliminary THC concentrations in units of ppmv as the calibration

compound (i.e., propane) are multiplied by that respective compound’s carbon equivalent

correction factor (CECF) to correct the units to ppmC. The CECF for methane, ethane

and propane are 1, 2 and 3, respectively. For example, if the Method 25A monitor was

calibrated with propane, all resulting concentrations would be multiplied by the propane

CECF of 3 to correct the concentration from ppmv as propane to ppmC. The THC

values can be converted to ppmv of the compound of interest if 1) the specific CECF is

known, and 2) the compound proportion of THC is known. For this test program, the

THC monitors were calibrated with methane which has a CECF of 1, so the resulting
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THC  data was already in units of ppmC. However, correcting the THC concentration to

VOC as ethanol concentration did require dividing the average non-methane THC

concentration by the ethanol CECF. This process assumed that the non-methane

hydrocarbons were made up entirely of ethanol. The resulting VOC as ethanol

concentrations were then multiplied by the stack gas flow rates in order to determine

VOC as ethanol emission rates.

Ethanol and acetaldehyde emissions were also calculated. Average ethanol

and acetaldehyde concentrations were calculated by averaging the multiple Method 18

analytical results. However, only three Method 18 data points (per compound) were

typically acquired per hour. In order to increase the number of data points in a given

time period, the continuous Method 2SA  data was also used. An average

ethanol-to-THC proportion from the above three analyses was calculated and then

multiplied by the average THC value to calculate an average ethanol concentration.

This method assumes that the ethanol-to-THC proportion is constant throughout the test

run. Acetaldehyde calculations were performed in the same manner.

All data reduction procedures are fully explained in Section 7.0

2.5 Test Lee  Summary

The VOC emissions from commercial baking ovens were determined at

four test sites over a 10 day test period. All tests were conducted in the summer of 1992,

with Site 1 tests conducted in May, and Sites 2-4 conducted in June and July. Two ovens

were tested at all sites except Site 2 where 3 ovens were tested. Tests were conducted

for two days at each Site except Site 4 which were conducted over a four day period. A

summary of the testing activities is presented in Table 2-1.
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Table 2-1

VOC Emission Test Log
EPA Bakeries (1992)
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2 . 6 Remwt  Ornanization

A summary of the test results is presented in Section 3, a description of

typical Oven Configurations and Sampling Locations is given in Section 4, and Sampling

and Analytical Procedures are discussed in Section 5. Quality Assurance (QA) is

presented in Section 6, and Data Reduction Procedures in Section 7. All field data and

supporting calculations are included in the Appendices.
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3.0 EMISSIONS RESULTS SUMMARY

This section will present the final results for the U.S. EPA Bakery

emissions test program. All raw data and calculations are included in the Appendices.

3.1 Test Proeram  Summary

Four test sites were tested using Method 25A  for THC determinations and

Method 18 for methane, ethane, ethanol and acetaldehyde concentrations

determinations. One of the test objectives was to quantify the VOC emissions which

represent only the photochemically reactive volatile organic compounds. Non-reactive

compounds such as methane and ethane are subtracted from the THC concentrations for

determining VOC concentrations. The VOC concentrations and emissions for this test

report were calculated by assuming that all of the non-methane hydrocarbons detected by

the Method 25A  tests were comprised of ethanol. This was consistently observed at all

four test sites as ethanol concentrations determined from the Method 18 analyses

typically made up over 98% of the total ethanol and acetaldehyde concentrations (target

VOCS).

In Section 3, two sets of emissions data are given. The first data set

presents emissions of VOC as ethanol as discussed above. The VOC concentration as

ethanol was calculated by dividing the non-methane hydrocarbon concentration in units

of ppmC by the ethanol THC Carbon Equivalent Correction Factor. The CECF was

determined by observing the response of the THC analyzer to known concentrations of

ethanol. The second data set presents emissions of ethanol and acetaldehyde emissions

determined from the Method 18 ethanol and acetaldehyde results and the THC results.

Emissions were calculated by multiplying the respective stack gas concentrations by the

stack gas flow rate by the methods discussed above. All calculations are shown in

Section 7.0.
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Methane concentrations were higher than expected during the test program

which did not allow for the resolution of the ethane GC peak at three of the test sites.

However, ethane concentrations were expected to be fairly low and so the error in

determining VOC is expected to be minimal.

The emissions of both direct- and indirect-fired ovens were measured (see

Section 4.1.2) while baking a variety of bakery products. Production rate is the most

critical factor related to the quantity of bakery VOC emissions. However, as discussed in

the previous section, no product information or process data will be given in this report.

The general category of ovens tested will be identified, differentiating direct-fired from

indirect-fired and bread from bun ovens.

Thirty test runs were conducted for a typical sample period of 1  hour.

Some of the runs were shorter than an hour due to the stoppage of the product being

baked. Emissions was measured from only a single product at one time. Time periods

when the ovens were in transient conditions, either from start up/shut down occurrences

or from product changes or gaps in the product feed, were not included in the reported

data base. However, all of the field data is included in the Appendices.

A general description of the commercial baking process and bakery ovens

along with the types of ovens tested at each test site is given in Section 4. A total of two

or three stacks were tested simultaneously from each oven. The total oven emissions

were calculated by totaling the emissions from each of the stacks. Emissions from

comfort hood stacks (see Figure 4-1) were not originally intended to be tested.

However, it was noticed during the Site 2 test program that these emissions represented

a significant portion of the total oven emission rates and from that point on, comfort

hood emissions were tested. The Site 1 bread oven did have a comfort hood which was

not tested during this test program. Therefore, the total bread oven emissions for that

site may be somewhat lower than actual.
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3.2 Site 1 Test Results

A large bread oven and a smaller bun oven were tested at the Site 1

commercial bakery. The bread oven was a direct-fired oven which had three vent stacks

arranged longitudinally. The middle stack was used only during oven purging (start-up)

and was capped off with a small metal drum during the emissions tests. The absence of

flow at this stack was confirmed using a sensitive hot-wire anemometer (O-600 fpm

scale). After the test was completed, it was later discovered that there was a comfort

hood located at the oven bread exit. Gases from the hood were directed up through a

vent stack on the roof. However, this stack was not tested and the resulting total oven

emissions may be biased low.

32.1 Site 1 Test Log

Emissions tests were conducted on May 20 and 21, 1992. All tests were

observed by an U.S. EPA/EMB observer. Five test runs were conducted on two ovens.

On Day 1, two types of products were tested (Runs 1 & 2) and three runs on one type of

product were conducted on Day 2. Table 3-1 presents a summary of the Site 1 sampling

activities.

3.2.2 Site 1 VOC as Ethanol Emissions Test Results

Table 3-2 presents the VOC as ethanol test results. The table presents

THC concentrations (including methane) as well as VOC concentrations derived by

removing the methane concentrations from the THC values (ppmC/wet).

Concentrations of VOCs are also given in ppmv as ethanol, calculated as discussed

above. Emission rates from each stack are calculated from the VOC as ethanol

concentrations. The total oven VOC emissions are then calculated by totaling the

emissions from both vent stacks.
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Table 3-1

Site 1 Bakery VOC Emissions Test Log EPA Bakeries (1992)

1 5/2O/ 92 1158-13:  16 Bread A 3 3

2 5120192 14:30-  15:3 1 Bun B 3 3

3 5/21/92 07137-09:  14 Bread C 3 4

4 5121192 lO:Ol-lo:24 Bread A 1 1

5 5121192 21:03-22:41 Bread D 4 3
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Runs 1 and 3-5 were conducted on the Bread oven. The total emissions

for these runs may be biased slightly low as the comfort hood stack was not tested.

3.2.3 Site 1 Ethanol and Acetaldehyde Emission Test Results

Table 3-3 presents the emission rates and concentrations of ethanol and

acetaldehyde in two ways. The first method reports the ethanol concentration

determined by averaging the results of the Method 18 analyses. The second method

multiplies the average ethanol-to-THC ratio by the average THC value to determine

average ethanol concentrations. The second method assumes a constant ethanol-to-THC

proportion and by using the continuous THC data base (THC values every minute),

incorporates a much larger data base for averaging. Ethanol emissions are calculated

from concentrations determined by both methods. However, the total oven emissions

were determined from concentrations using the THC data. Acetaldehyde values were

calculated similarly. All data reduction procedures is given in Section 7.

3.2.4 Site 1 Method 25A  and Method 18 Analytical Results

This section presents the results from the Method 18 analyses. The

Method 25A  THC concentrations are given for same time period that the GC injections

were made. Typically, three injections were made during a test run at a specific sample

location. The concentrations were then averaged. Some GC injections were made that

did not fall into the test run time-frame. Results from these analyses are presented in

the tables but are not included in the averages. Ethanol-to-THC and

acetaldehyde-to-THC ratios were calculated for each injection as well. The ethanol and

acetaldehyde values were not corrected to ppmC for this calculation; therefore, these

values cannot be considered volumetric proportions of the THC stream. Their purpose

was to be multiplied by the average THC value to calculate average methane, ethanol,
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Table 3-3. Ethanol and Acetaldehyde Emissions Test Results
EPA Bakeries, Site 1 (1992)

HUtI

Stack Location

THC Cont. (ppmC/wet)

Run 1 Run 2 Run 3 -__-  -

Front Rear Front Rear Froa  t Rear

1015.3 2822.8 2687.6 704.8 1035.4 3554.5

Et hrnol Emissions

Ethanol Cont. (ppmv/we  t) ’

Ethanol Cont. (ppmv/we  t) 2

EthanolAHC  Ratio

Ethanol Emission Rate (lb/hr)  ’

Ethanol Emission Rate (lb/hr)  2

Total Ethanol Emission Rate (lb&)  2

Acetaldehyde  E&ions

Acetaldehyde Cont. @pmv/wet)  ’

Acetaldehyde Cont. @pmv/wet)  2

AcetaldehydemC  Ratio

Acetaldehyde Emission Rate (lb/hr)  ’

Acetaldehyde Emission Rate (fb/hr)  2

Total Acetaldehyde Emission Rate (lbs/hr)  2

464 S

413.2 1494.4 a

0.407 S

2.41 S

2.14 1 2 . 1 1

14.25 a

8.78 39.60

7.82 38.39

0.77 1.36

0.044 0.307

0.039 0.298

0.336

677 503.7

671.9 469.4

0.25 0.666

3.83 2.07

3.80 1.93

5.73

29.40 4.59

29.03 4.37

1.08 0.62

0.159 0.018

0.157 0.017

0.174

270.3 2140

223.6 2178.9

0.216 0.613

1.40 17.34

1.16 17.65____-

1 8 . 8 1

S S

525.9 a 1572.1 ”

2.73.--  ____.

15.47 a__--___I_-  -~  - ._-

1.83 1

17 73

14.70 99.70 4.27

12.94 92.77 4.17

1.25 2.61 0.37

0.073 0.773 0.02 1

0.064 0.719 0.02 1--------_-.-  ___

0.783 0.328 0.397-

’ Values calculated from average concentrations determined from multiple Cc analyses.
2 Values calculated from average EthanoWHC  and AcetaIdehyde/THC  ratios (ETOH/f?dC  and AA/T)TC) incorporating

both GC and THC analyses: ETCH  Cont. = Avg (ETOH i mC  i ) * (Avg’IliC): ETOH Emissions = (Avg ETOf I Cont.) l Flow
AA Cont. = AVg  (AA i /ITiC  i ) * (Avg THC): AA Emissions = (Avg AA Cont.) * Flow

S = Suspect Ethanol GC Analysis

a Due to the invalidated ethanol GC results, the value was calculated as folows:  {(VOC Cont.)  - (A.A. Cone * 1.23)) / 1.42

where 1.23 and 1.42 are the carbon equivalent correction factors for A.A.:C114  and EthanokCI  14,  respectively. Ibnissions c;~lcul:~ted  3s  shown above.



and acetaldehyde concentrations. This allowed ethanol and acetaldehyde concentrations

to be calculated without incorporating the additional methane analysis.

Finally, a comparison of the total concentration of the three target

compounds detected by the GC was made with the THC  values for each discrete

injection. This parameter is not required by the reference method QA procedures, but it

was originally thought to be an indication what proportion of THC the three target

compounds represented. It was expected that the sum of the GC concentrations would

be somewhat lower that the total THC concentration taking into acco:.nt trace

concentrations of organics  in the gas stream that were not detected by the GC analyses.

However, this comparison may not be sufficiently accurate. The average ratio is

calculated as follows:

( 1
GC  = ~mcixl~

THC N

where:

THC, = THC concentrations determined from the
Method 25A monitor at the same time as the
GC injection (ppmC)

N = Number of GC injectors in the time period.

The units from the GC analyses have to be corrected to the same units as the THC

concentrations (ppmC) as follows:

Gci = [EToHJi [AAli
1.42 + 1.23
- + la&
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where:

[ETOH],

1.42

[AA],

1.23

icHJi

Ethanol concentration determined from a single
GC analysis (ppmv/wet)

Ethanol THC Carbon Equivalent Correction
Factor (empirically derived)

Acetaldehyde concentration determined from a
single GC analysis (ppmv/wet)

Acetaldehyde THC Carbon Equivalent
Correction Factor (empirically derived)

Methane concentration determined from a
single GC analysis (ppmv/wet).
NOTE: The methane CECF is 1.0.

The CECFs used for this test program were determined by challenging the THC analyzer

with known, certified concentrations of ethanol and acetaldehyde and recording the

response. For example, if a 200 ppmv ethanol gas standard responded as 300 ppmC

THC, then the ethanol CECF was 1.5. The CECFs were determined over the entire

range of concentrations observed during the test program. It is difficult to predict

whether the THC analyzer responded to the ethanol in the bakery sample gas matrix the

same (quantitatively) as to ethanol in a clean, dry calibration gas. Both sample gas

moisture levels and 0, levels were different than the calibration gas matrix (dry, N,

balance). The unexpected high GC/THC  ratios (> 100%) may have resulted from a

variability in the actual sample CECF.

Tables 3-4 and 3-5 present the Method 18 and 25A test results for the

Site 1 front and rear stacks , respectively. The test results have been discussed in detail

in the previous sections; however, the following tables can provide an additional

perspective into the data.
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Table 3-4. Method 25A and Method 18 Emissions Tests Results,
Front Stack, EPA Bakeries, Site 1 (1992).

FRONT/OVEN STACK
WN TIME METHOD Mm  18 GC  RESULTS GCfTHc mc  PROPORnONS  c

twno  b mc ck14m-i

RESULTS’ ruTlo vuno
(W

1 /11:55:54 1136.9 212 1181 11.7 131.4 0.186 1.037 j 0.010

i
1 12:33:55 1141.7 7 6 5 8.24 175.9 0.760 0.670 j 0.007

1 12:56:06 1132.3 312.1 9 8 5 6.43 126.8 0.276 0.870 0.006

1 A V G 1 0 1 5 . 3 1 4 6 4 . 0 1 977.0 1 8 . 8 144.I 0 . 4 0 7 0 . 8 5 9 I 0 . 0 0 8

2 14:31:59 2834.1 581 2;i7 29 105.1 0.205 0.747

2 1 14:50:57 2669.1 2070 32.7 124.7 0.321 0.776

2 15:13:59 2655.1 592 1831 26.4 101.8 0.223 0.690

I
2 1 AVG I 2tH37.6\ 877.0 1 2008.0~ 29.4 t10.5 0.250 1 0.737

-TGq

0.0121
I

0.010 (1
/

0.011 :

1 !

3 07:36:50 1211.3 236 760 8.66 91.3 0.195 0.627 0.007

3 07:57:46 1526.2 328 663 12.1 89.3 0.215 0.579 0.008 ’

-3 06117147 1032.5 247 694 2 3 103.9 0.239 0.672 0.022 (

3 1 A V G f 1035.4 f 270.3 1 779.0 f 14.7 94.9 0.218 0.626 1 0.013

4 10:04:19 1170.4 122 389 4.27 48.5 0.104 0.332 0.004

4 : A V G lt25.6 1 1221 4.27 46.4679 0.tO4 0.332 1 0.004,

5

5

5

5

Y--

21:03:59

21:27:01

22:15:00

22:25:59

1117.1

1091.9

1162.2

1133.0

914

730

761

876

I
11.2

11.4

11.7

12.2

I

A V G I lOK.2 f 338.8 1
7”

820.5 fl.8 1 418.8 0 . 2 9 9 1 0 . 7 2 9 1 0 . 0 1 0

113.2 0.212 0.818

116.0 0.337 0.669

114.2 0.335 0.655

122.9 0.312 0.773

0.010

0.010

0.010

0.011

a THC averages calculated from the full CEhA  data base (not just the above entries)
bGC/THCRATIO=  (ETOH/1.42+AA/1.23+CH4)~Cf100where: 1.42 = Ethanol CECF

1.23 = AcetaMehyde  CECF
c MC  proportions were calculated as:ElH/lHC = ppmv ethanol/ppmC THC, CH4/lHC = ppmv CH4/ pmC THC,

mC = ppmv acetaMehyde/ ppmC THC
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Table 3-5. Method 25A  and Method 18 Emissions Tests Results,
Rear Stack, EPA Bakeries, Site 1 (1992).

REAR/BURNER STACK
WNI T I M E MR)tOD

25A  THC

RESULTS8
(Ppm-fW*

1 I 12:05:57 3185.8

I018GCXEWLTS =nHc ‘MC PROPORTiONS  =
RAnob

W
849.3 4.426 0.189 0.016

328.3 2.090 0.263 0.010

809.0 5.529 0.220 0.015

EIHANOL

i

@pmvf-t
14100s

58sP

14600s

1 ( 12:44:54 I 2799.6

2640.71 13:06:05

1 1 AVG I 2022.8 [ S[ 858.7 1 199.4 594.9 1 4.015 1 0.231 1 0.014

2 14:41:58 818.6 674.0 255.0 5.5 148.9 0.823 0.312 0.007

2 / 15:03:00 574.0 235.0 65.4 3.2 70.2 0.409 0.114 0.005

2 15:24:58 764.4 602.0 316.0 5.2 150.1 0.767 0.403 0.007

2 1 AVG I IM.8 503.7 f 212.11 4.8 t23.1 0.887 0.278 [ 0.006

T07:46:49

08:28:46

3947.2

2959.8

1540

1480

1530

1620

2 7 . 1

139.2

136.8

132.5

0.621

0.864

0.561

0.605

0.493

0.375

0.517

0.419

0.015

0.057

0.009

0.012

AVG I 3ss4.5  1 2WO.6 1512.5  f 66.3 t34.9  1 0.613 1 0.451 1 0.023

N A 21:36:01 3271.3 3730.0 1070 43.6 196.3 1.140 0.327 0.015

N A 21:55:59 3528.2 5650.0 1040 55.9 258.8 1.601 0.295 O.Olf

5 21:15:02 3192.2 1930.0 8 1 9 40.3 113.1 0.605 0.257 0.01:

5 1 AVG I 3241.0 1 1990.0 819.0 f 40.3 * 113.1 0.8osl 0.257 f 0.013

a THC averages calculated from the full CEM data base (not just the above entries)

b GcmC  RATlO  = (ETOH/1,42+AAJl23+CH4)/THC  l 100 where:  1.42 = Ethanol CECF

1.23 = Acetaldehyde  CECF

c THC proportions were calcu~ed as:EMmC = ppmv ethanol/ppmC  lHC, CH4/THc  = ppmv CH4/ pmC  THC,

’ = Suspect, data invalidated. AA/THC = ppmv acetaldehyde/  ppmC  THC

NA = Not Applicable. Values HEere  not incorporated into the a-rages.
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Four tests (Runs 1, 3-5) were conducted on the bread oven. Run 4 was a

duplicate of Run 1 and was conducted for only 23 minutes. The ethanol-to-THC ratios

for the front bread stack, were fairly consistent at approximately 0.20. Ratios for Run 1

ranged from 0.19 to 0.76. The ethanol-to-THC proportion for the rear stacks was

approximately 0.60. Ethanol from Runs 1 and 4 (same product) appeared suspect, with

ethanol-to-THC ratios of 2.0 to 5.5 (5850  - 14,100 ppmv ethanol vs 2,800-  3,200 ppmC

THC, GC/THC  values of 300 to 800 percent). The ethanol results from these two test

runs were not used to calculate either VOC as ethanol emissions or ethanol emission

rates.

The Run 2 results from the Site 1 Bun oven, showed consistent

ethanol-to-THC proportions of about 0.25 for the front stack while the rear stack ranged

from 0.40 - 0.80. The GC-to-THC ratios for this run were 105 and 108% for the front

and rear Bun oven stack, respectively.

The Site 1 Method 25A and Method 18 results are presented graphically

for Runs l-5  in Figures 3-l through 3-5, respectively. Method 18 concentrations have

been corrected to ppmC for these plots.

3.2.5 Stack Gas Flow Rates

Table 3-6 presents the stack gas flow rates and the temperatures used for

determining emission rates. A single Method 2 flow rate traverse and a Method 4

moisture determination were completed on the four stacks (2/bread  oven & 2/bun

oven). Flows were not corrected to a dry basis since Method 25A and 18 concentrations

were determined on a wet basis and emissions calculations required both flows and

concentrations be consistently on the same basis (wet or dry). Moisture content values

are included in Appendix A.7.
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Table 3-6. Summary of Flue Gas Sampling Parameters
EPA Bakeries, Site 1 (1992)

Run Number Location Stack Gas Barometric stack Gas Volumetric Volumetric
Temperature Pressure Static Pressure Flow Rate Flow Rate

(deg F) (in. Hg) (in HZO) (a&n) (dill)

Run 1 F r o n t 259 29.9 - 0 . 0 3 988 713

Rear 362 29.9 - 0 . 0 3 1 , 7 6 2 1 , 1 1 9 ir
Run2 I F r o n t 286 29.9 -0.04 1,117 781 1

R e a r 1 9 3 29.9 - 0 . 0 2 709 567 1-4
Run 3 F r o n t 259 29.9 - 0 . 0 3 988 713;

I
Rear 362 29.9 - 0 . 0 3 1,762 1,119 !

Run 4 F r o n t 259 29.9 - 0 . 0 3 988 713 j

Rear 362 29.9 - 0 . 0 3, , , 1,762 1,119 /

Run 5 F r o n t 259 29.9 - 0 . 0 3 988 7 1 3 1I
Rear 362 29.9 -0.03 1,76i 1 , 1 1 9 i
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Flow rates ranged from 700 - 1100 standard cubic feet per minute (scfm)

on the bread oven and 600-800 scfm  on the bun oven. On each oven, one of the two

stacks consistently had higher temperatures and higher VOC emission rates. The rear

stack bread oven was the higher of the two bread oven stacks and the front stack on the

bun oven was hotter and had higher VOCs of the two bun oven stacks. Specific process

data is not included in this report however, these occurrences can probably be explained

by burner type or burner maintenance status for the ovens.

Site 2 Test Results

A small bun oven, a small bread oven and a larger bread oven were tested

at Site 2.  These ovens were identified as Lines 1, 2, and 3, respectively. The first two

ovens were tested with the CEM trailer location; however,

test the third oven (Bread, Line 3).

the trailer had to be moved

All of the ovens tested at Site 2 had comfort hoods which were exhausted

by an axial fan roof ventilator. There were no duct work following the fan; therefore,

the U.S. EPA Method 1 specifications were not met. Flow measurements had to be

taken directly at or after the fan since the gas was vented to atmosphere (see

Figure 4-6). Therefore, the resulting emission rates may have a higher degree of

measurement error.

The oven on Line 1 predominantly bakes buns. There was a front and rear

stack as well as a comfort hood vent. The comfort hood fan was not operating during

the test and may not have operated for sometime. Gas flow was induced strictly by

natural drafting of the hot gases at velocities of SO-300 fpm and at temperatures of

approximately 150’F.

The Line 2 was an indirect-fired unit. The oven gases were vented from a

stack located in the front of the oven with the burner stack in the rear. As with the Bun

275-026-66/cab.  101 op 3 - 1 9



oven, there was a comfort hood which was vented by a axial fan roof ventilator. There

was no gas ductwork following the fan; therefore, the flow measurement could not be

made at a location in accordance with U.S. EPA Method 1 procedures. Flows were

estimated using both velocity pressure measurements and hot-wire anemometer

measurements.

The Line 3 bread oven was a direct-fired unit with two stacks located

approximately 90 feet apart and a comfort hood. The front stack and comfort hood were

alternately sampled using the same sample system  and THC monitor.

3.3.1 Site 2 Test Log

Seven emissions test runs (Runs 6-12) were conducted on June 17 and 18,

1992. Runs 6 and 10 were conducted on the Line 2 Bread oven, Run 7 was conducted

on the Line 1 Bun oven, Runs 8,9 and 11 were conducted on the Line 1 and 2 comfort

hoods, and Run 12 was conducted on the Line 3 bread oven stack. Five of the seven test

runs were conducted on two ovens. Table 3-7 presents a summary of the Site 2

sampling activities.

3.392 Site 2 VOC as Ethanol Emissions Test Results

Table 3-8 presents the VOC as ethanol test results.

3.3.3 Site 2 Ethanol and Acetaldehyde Emission Test Results

Table 3-9 presents the emission rates of ethanol and acetaldehyde.

275-026-66/cah.lOlop 3 - 2 0



Table 3-7

Site 2 Bakery VOC Emissions Test Log EPA Bakeries (1992)

7
8

9

10

11

12

6 /U/92 15: 17-16: 14 Bun F 4 3

6/V/92 16:22-16:26 Bun Comfort Hood 1 NAa
OdY

6/17/92 16:40-  16:43 Bread Comfort Hood 0 NA
OdY

6117192 16:47-  17:47 Bread G 3 4

6/ 17192 18:36-18:44 Bun/Bread Comfort 0 0
Hood Only

6/18/92 15:22-19:  13 Bread H 5 10

aNA = Runs 8 and 9 were conducted on a single stack (comfort hood) for each run.
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Table 3-8. VOC Emissions Assuming 100 96 Ethanol
EPA Bakeries, Site 2 (1992)

----. -
Rum Ruq 6 Ron 7 Run 8 Run 9 R u n 10

st8ck Loclatioa Front BlPlraW Front R@N comfort @ COrnfort  e Front BUIntr
THC Cont. (ppmC/wet) 16375 52.7 1724.3 1398.3 1157.5 120.9 669.8 48.8

Math8na  Concentntbu

Methane Cont.  (ppmvbt)  ’

MethanemC  Ratio

Methane Cont. @pm-t)  2

VOC Cont. @pmC/wet)  ’ 1632.6 52.7 1691.5 1371.7 1144.8 120.9 667.1 46.5

VOC Cont. as Ethanol @pmv/wet) ’ 1149.7 37.1 d 1191.2 966.0 806.2 85.1 d 469.8 32.8
VOC Emission Rate as Ethanol (lb/hr)  4 7.73 0.20 6.96 8.71 2.16 0.17-___I
Total VOC Emissions as Ethanol (lb&r) 4 11.489 b 17.750 c 2.156

1 Values calculated from average methane concentrations determined from multiple GC analyses.

- - Values calculated from average Methane to THC ratios (CH4mC)  incorporating both GC and THC analyses:

Met bane Cont. = Avg (CH4 i mC i ) * (AVg  THC)

WC  Cont.  = Avg (1 -CH4ifIHCi)*(AVgTIIC)
VOC Cont.  as Ethanol = (VOC Cone)  / 1.42 VOC Emissions as Ethanol = (VOC Cont.  as Ethanol) l Flow;

where 1.42 is the empirically  derived carbon equivalent correction factor

Assumed value taken from similar location.

Incorporated average Line 2 C.H. emissions of 3.56 ethanol Runs 9 & 11

Incorporated average Line 1 C.H. emissions of 2.08 ethanol from Runs 8 & 11

GC analyses was not performed for this location therefore the VOC conuxtration was assumed to be 100 %  of the THC  cont.

Runs 8 & 9 were conducted on the Line 1 and Line 2 Comfort Hood stacks only.



c
Table 3-8. VOC Emissions Assuming 100 % Ethanol (cont.)

EPA Bakeries, Site 2 (1992)

THC Coat.  (ppmC/wet)

Methane Cork.  @pmv/wet)  ’

Methane/II-K  Ratio

Methane Cont.  @pmC&et)  *

NO GC

NO GC

Oa

VOC Cont.  @pm-et)  3 lOtSa 148.7 a 2460.3 638.9 a

VOC Cont.  as Ethanol (ppmv/wet) 4 751.8 104.7 1732.6 449.9

VOC Emission Rate as Ethanol (lb/hr) 4 2.0 3.93 25.17 2.26

Total VOC Emissions as Ethanol (lb&r) 4 2.011 3.929 40.94

1

177k.s

0.542

1621.7-

1370.4

965.1

1 3 . 5 1

I

1 Values calculated from average methane concentrations determined from multiple GC analyses.

- - Values calculated from average Methane to THC ratios (CH4/THC) incorporating both GC and THC analyses:
2 Methane Cow.  =
3

Avg (CH4 i /lHC i ) l (Avg THC)

VOC Cont.  = Avg (1 -
4

CH4i/IHCi)  l (AVgTHC)

VOC Cont.  as Ethanol = (VOC Cone)  / 1.42 VOC Emissions as Ethanol = (VOC Cont.  as Ethanol) * Flow;
where 1.42 is the empirically derived carbon equivalent correction factor

a GC analyses was not performed for this location; therefore, the VOC concentration was assumed to be 100 %  of the THC cont.

b Tests were done on the Line 1 and line 2 Comfort Hood stacks.



Table 3-9. Ethanol and Acetaldehyde Emissions Test Results
EPA Bakeries, Sitk 2 (1992)

Run Rua 6 Run 7 R”ll8d

St&  Location Front BUfJJW Front Rear Comfort

THC Cont. (ppmC/wet) 1637.5 52.7 1724.3 1398.3 1157.5

1 Ethmol  Ebdssions

Ethanol Cont.  (ppmv/wet)  1

Ethanol Cont.  (ppmv/wet)  2

Ethanol/THC  Ratio

Ethanol Emission Rate (lb/k) ’

Ethanol Emission Rate (Whr)  2

w I Total Ethanol Emission Rate (lbs/hr)  2 I

1286.7 NOGC

1498.3 48.2

0.915 0.915 a

8.65 NO GC

10.08 0.26

14.819 b

1462.5 1190

1446.7 1230.5

0.839 0.88

8.55 10.73

8.46 11.09

22.187 ’

1041

1026.7

0.887

2.78

2.75

i

[

NO GC

107.2

0.887 a

NO CC

4.02

2.746 1 4.024

Acetaldehyde Cont.  (ppmv/wet)  ’ 39.10 NO GC 60.10 46.20 26.60 NO GC

Acetaldehyde Cont.  (ppmv/wet)  2 46.51 1.50 59.49 47.40 26.28 2.74

Acetaldehyde/lI-IC  Ratio 0.028 0.028 a 0.035 0.034 0.023 0.023 a

Acetaldehyde Emission Rate (lb/hr)  ’ 0.252 NO GC 0.336 0.398 0.068 NO GC

Acetaldehyde Emission Rate (lb/hr)  2 0.299 0.008 0.333 0.409 0.067 0.099___I
Total Acetaldehyde Emission Rate (Whr) 2 0.417 b 0.806 c 0.067 0.099_--

1
5&J s,

SOS.7 36.8

0.755 0.755 a

3.42 s

3.40 0.20-___I__

8.083 b

-.

16.00

15.94

0.024

0.103

0.103__----__

5.36

5.22

0.107

0.027

0.027

0.239 b

Values calculated from average concentrations determined from multiple GC analyses.
Values calculated from average Ethanol/THC and AcetaldehydemC  ratios (ETOH/THC  and AA/THC) incorporating
both GC and mC  analyses: ETCH Cont.  = Avg (ETOH i mC  i ) l (Avg THC): ETOH Emissions = (Avg ETOH Cont.)  * Flow

AA Cont.  = Avg (AA i /13iC i ) l (Avg THC): AA Emissions = (Avg AA Cont.)  * Flow

Assumed value taken from similar location.
Incorporated average Line 2 C.H. emissions of 4.49 ethanol and 0.110 acetaldehyde from Runs 9 &  11
Incorporated average Line 1 C.H. emissions of 2.64 ethanol and 0.065 acetaldehyde from Runs 8 &  11
Comfort Hood flow rates for this site were estimated based on velocity pressures or hot wire anemometer velocity measurements. Measurement locations
did not meet EPA 1 specifications. *
Suspect GC ethanol results.

1





3.3.4 Site 2 Method 25A  and Method 18 Results

Tables 3-10 and 3-11 present the Method 2SA  and Method 18 analytical

results from the oven stacks and burner stacks, respectively. The ethanol-to-THC

proportions for the Line 1 and Line 2 oven front stacks were approximately 0.8-0.9.

The Method 25A  and Method 18 results for Site 2 are presented

graphically in Figures 3-6 through 3-12, respectively. Method 18 concentrations have

been corrected to ppmC for these plots.

3.3.5 Stack Gas Flow Rates

stacks.

Table 3-12 presents the stack gas flow rates determined for the Site 2 oven

Site 3 Test Results

A small bun oven and another small oven designated for baking bread

were tested at Site 3. The bun oven was identified as indirect-fired with three stacks.

Two of the three stacks were designated for the two burners and the third (exhauster)

stack vented oven gases. During normal operation, the main flow damper on this oven

was closed and only 50-100 acfm of stack gas flow was present during testing. The tests

were conducted with one sampling/THC  analytical system on the exhauster stack and

alternating the other sample/THC  system from “Burner 1” and “Burner 2”.
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Table 3- 10. Method 25A and Method 18 Emissions Tests Results,
Front Stack, EPA Bakeries, Site 2 (1992).

=RONT/OVEN  STACK
10018GK:RESlJLfSRUN

6

6

6

MRHOO
25ATHc
RESULTS8
(Ppm-w

1042.9

1647.3

1594.4

11:32:49

41145149

11:55:49

MET
ETHANOL

(ppmvb1
1062

1338

1460

am-c
fwio b

DL)
149.223

117.849

134.172

1.018

0.812

0.036

0.018

0.031

@pmviwlet)
0.00/0.83

3.6OtO.67 29.6

2.3Ol1.26 49.8

.
6 1 AVG f t8s7.5 1 1288.7 1 3.8 1 So.1  1 43S.71 0.915 0.003 1 0.028

12:06:49 1696.8 1201 6 . 5 7.06 101.462 0.708 o.ooo 0.005

-I-

62.5 125.506 0.838 0.022 0.035

53.2 121.951 0.817 0.018 0.033

65.1 127.428 0.849 0.024 0.036

59.5 126.507 0.853 0.012 0.033

.
33.1 80.1 125.31  0.8SQ~ O.OlQf  O.US4

1778.2

1590.6

1792.9

4.82j17.l

3.54112.4

4.72jlQ.O

4.7518.8016:13:54

8 16:24:34 1173.9 1041 1.80/5.70 26.6 129.835 0.887 0.011 0.023

8 f A V G f 1157b i ltMl.Of 19.2 f 26.8 129.8 0.887 ] o.ot 1 0.023

10 16:56:3Q 681.0 550 2.28/0.21 17.1 118.173 0.806 0.004 0.025

10 17:15:OQ 646.2 532 2.34to.20 17 120.564 0.823 0.004 0.0%

10 17:34:OQ 701.2 445 2.54/0.00 1 4 92.9263 0.635 0.004 0.0x

1 0 1 A V G 1 deo.8 : 509.0 T8.0
,

f 2.7 110.8 0.755 1
i

0.004 1 0.024

a THC averages calculated from the full CEM  data base (not just the above entries)

b GC/THC  RATlO  = (EI’OH/1.42+AA/1.23+CH4)/lHC  l 100 where: 1.42 = Ethanol CECF
1.23 = Acetaldehyde  CECF

’ THC proportions were calculated as:EWTHC = ppmv ethanol/ppmC  THC, CH4m = ppmv CH4/  pmC  THC,

d MetharWEthane  Values are reported here. Averages are in units of ppmC.  AMHC  = ppmv acetaldehyde/  ppmC  THC
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Table 3-10. Method 25A  and Method 18 Emissions Tests Results (cant),
Front Stacks, EPA Bakeries, Site 2 (1992).

FRONltOVEN  STACK
3UN. TlME METHoo MRMOD  16 GCi  RESULTS GC/THc THC PROPORllONSc

25ATi-c  aHA RATlO  b l3H/THd  CH4fTHf
RESlAJS wno wno

1%)
NA 16:21:55 813.4

i2

12

12

12

12

16:03:46

18:23:16

18:42:16

19:01:16

t

4250.1 826 125 133.0 0.774 0.194 0.029

3907.5

4588.5

4320.7

.

2590 91.4

131

102

133.1 0.663 0.361 0.023

2390 111.0 0.521 0.029

2840 127.0 0.657

0.336

0.308 0.024

Y- r

AVG 1 4 1 1 4 . 2 1  2Tn.S[  lt93.0[ 105.5  1 126.0 1 1.352 1 0.402 t 0.049

491 97.7 609.9 3.565 0.604 0.120

a THC averages calculated from the full CEM  data base (not just the above entries)

bGC/lHCRATIO=(ETOH/l.42+AA/1.23+CH4)/THCflOOwhere:  1.42=  EthanolCECF
1.23 = Acetaldehyde CECF

c 7?iCproportionswerecalculatedas:ElH/THC=  ppmv ethanol/ppmCTHC,CH4/THC  = ppmvCH4/pmCTHC,
mC= ppmvacetaldehyde/ppmCTHC
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Table 3- 11 Method 25A and Method 18 Emissions Tests Results,
Rear Stacks, EPA Bakeries, Site 2 (1992).

REAR/BURNER STACK
Mm 16 Gc  RESULTS

7 15:2x4 1763.4 1200.0 3.76/13.Qd 5 0 . 1 101.916 0.M 0.016 0.035

7 15:45:54 1475.7 1250.0 4.10114.6 49.9 126.723 0.647 0.023 0.034

7 16:03:54 1 1 6 6 . 1 1120.0 2.57l0.60 30.5 142.170 0.960 0.017 0.033

7 I,,,  AVG f taQ8.a 1190.0 28.5 48.2; 123.81 0.88OI 0.0191 0.034

10

1 0

1 0

1 0

10

16:48:OQ

17124139

56.3

57.2

36.0

51.6

I
AVG  1 384.0 f 123.4

65.7

195.0

97.0

115.0

2.02J.53

3.65/ND

2WND

1 .Q6/0.59

4.63

7.24

4 . 6

231935

499.641

360.360

333.332

1.523

3.410

2.574

2.222

0.055

0.067

0.067

0.061

0.082

6.127

0.121

0.096

c-P----J-

a THC averages calculated from the full CEM  data base (not just the above entries)
b GC/lHC fWTl0 = (ET’OH/1.42+AA/1.23+CH4)/THC  l 100 where: 1.42 = Ethanol CECF

1.23 = Acetaldehyde  CECF
c THC proportions were calculated as:ETli/THC  = ppmv ethanoi/ppmC  THC, CH4m  = ppmv CH4/  pmC THC,
d Methane/Ethane  values reported here. Averages in units ppmC. AAITHC  = ppmv acetaldehyde/  ppmC  THC
ND = Not detected
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Table 3-l 1. Method 25A and Method 18 Emissions Tests Results (cant),
Rear Stack, EPA Bakeries, Site 2 (1992).

REARIBURNER  STACK

12

12

12

12

12

12

12

12

12

12

12

TlME

16:12:46

16:30:46

16:49:16

17:22:46

17:52:46

18:04:16

183316

18:51:46

19:10:16

MEiHoo
28A  3-W

RESULTS’
(PpmCErret)

3146.6

3105.4

2944.3

2900.5

3040.4

2974.9

2798.2

2934.0

3177.2

3259.6

I

AVG.  f 2m2.1

Mm
3HANOL

LPFWW
1710.0

1750.0

1820.0

1580.0

1220.0

1390.0

1480.0

1660.0

1850.0

0018GK=F1E

METHANE

1980.0

1550.0

1970.0

185.0

1990.0

2050.0

2030.0

1960.0

1940.0

2110.0

‘ULTS
Acxr-

MDE‘WDE
@pmvlwet)

78.4
cw)
143.2

82.0 133.2

78.2 156.0

19.0

72.3 125.4

74.3

66.7 150.6

76.9

83.4

86.4

71.8 $38.8

r THC  PROPORTIONS c

RATIO

0.467

0.629

CHl/THC
Mno

0.629 0.025

0.499 0.026

0.669 0.027

0.064 0.007

0.655 0.024

0.689 0.025

0.698 0.023

0.026

0.611 0.026

0.647 0.027

0.024

a THC averages calculated from the full CEM  data base (not just the above entries)

b GC/THC  RATIO  = (ETOH/1.42+AA/1.23+CH4)/THC  l 100 where: 1.42 = Ethanol CECF
1.23 = ketaldehyde  CECF

c THC proportions were calculated as:EWlHC  = ppmv ethanol/ppmC  lHC, CH4W = ppmv CH4/  pmC  THC,

AA/THC  = ppmv acetaidehyde/  ppmC  MC
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Table 3 - 12. Summary of Flue Gas Sampling Parameters
Site 2 (1992)

Run Number Location Stack Gas Barometric stack Gas Vohmetric Volumetric
Temperature Pressure Static Pressure Flow  Rate Flow Rate

/ (deg F) (in. Hg) (in r-m) (a&n) (s&n)
I

Run 6 Front 1 230 30.21 -0.1 1,216 939 I

Burner 316 30.21 -0.05 1,083 7441

Run 7 Front 269 30.21 -0.1 1,116 811 1

Rear 309 30.21 -0.2 1,816 lJ51/

Run 8 COIUf0I-t 207 30.21 0 467 371)
I

Run 9 COd0I-t 108 30.21 0 5,585 5242  /

Run 10 Front 230 30.2 1 -0.1 1,216 939 1

Burner 316 30.21 -0.2 1,083 7441 ,
Run 1 1 Ll C.H. 207 30.21 0 467 371)

1
L2 C.H. 108 30.21 0 5,585 5,242 1

Front 216 30.01 -0.25 1 2,593 2,013 1
1

Run 12 COlllfOrt 100 30.01 0 742.45 702.12 /
i

Rear 214 29.75 -0.15 25 12.22 1,957 /
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3.4.1 Site 3 Test Log

Nine emissions test runs were conducted on June 22 and 24, 1992.

Runs 13, 14, and 18 were conducted on the Bun oven. Runs 15-17 and 19-21 were

conducted on the Bread oven. Table 3-13 presents a summary of the Site 3 sampling

activities.

3.402

3.4.3

Site 3 VOC as Ethanol Emissions Test Results

Table 3-14 presents the VOC as ethanol test results.

Site 3 Ethanol and Acetaldehyde  Emission Test Results

Table 3-15 presents the emission rates of ethanol and acetaldehyde.

3.4.4 Site 3 Method 25A  and Method 18 Results

Tables 3-16 and 3-17 present the Method 25A  and Method 18 analytical

results from the oven stacks and burner stacks, respectively.

The Site 3 Method 25A and Method 18 results are presented graphically

for Runs 13-21 in Figures 3-13 through 3-21, respectively. Method 18 concentrations

have been corrected to ppmC for these plots.

275-026-66fcah.101  op 3-39



Table 3-13

Site 3 Bakery VOC Emissions Test Log EPA Bakeries (1992)

1 3 6122192 10:49-11:ll Bun I’ 2 2

1 4 6122192 11:32-1159 Bun I 2 1

15 6/22/92 12:03-13:3  1 Bread J 6 4

1 6 6122192 14:07-E  11 Bread K 4 3

1 7 6122192 15:46-16:42 Bread L 3 3

1 8 6124192 10:15-11:15 Bun M 4 3

1 9 6124192 11:42-12:  10 Bread N 1 2

20 6124192 14:39-  15:26 Bread K 3 2

2 1 6124192 16:01-17:08 Bread L 3 4
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Table 3-15. Ethanol and Acetaldehpde  Emissions Test Results
c

EPA Bakeries, Sit&  3 (1992)

, : I I:‘::.’  __ .“’ ,‘I.: :  ‘;.‘: :,_,  , , , j : . ‘_

Ethanol Cont.  (ppmvbet)  ’

Ethanol Cont.  (ppmvhvet)  ’

EthaaoKTHC  Fkatio

Ethanol Emission Rata  (Ib/br) 1

Ethanol IZmiasioa  Rate (Ib/br) *

Total  Ethanol Emission Rate (Iba/hr)  *
r : . . . ,:::.:. ._:  _~,.  .,:,._.  : . , . _ I . .:.  .~,C~.~.~..,~.~_~  . ...::.  _,.,., _.,. . :, ._ :,. , _..__ _ ., ‘. . ..’ .::  ::..::.:  >:,:.  _;_ _.,., _, . ._ : :, ._ ., ., ._ . _

_:. >:’ .I:. , : : y  ‘:I _::.:,: , : : . . j_:,:: ‘ . : , . , . ,  __ _.;:  :,, __, :,_,  :A:.:.:.’  : :.:.~:.:.  _,.,:  :, : . : , : , : , :  : _ .,”  : :,:,__:  : :_: _’  .  . ‘ . : : >~ . . . . . ._.  _,
..~.:.:.:.:.:*.‘.:.’  , . ._,,.  ._.,.,.,.  __., :

>
Nw,.:‘.  :.:::::::.:. . . :.::::  .j::  .: . ; ;  ‘tl:i,:~,~~::~~~‘,~.~  .:“;;, : . ::_, : : . :_  .‘ . .?. . :_  :: : _

Acetaldehyds Cont.  (ppmvket)  1

Acetaldehyda  Cont.  (ppmvrbvet)  *

Acataldehyde/THC  Ratio

Acetaldehyde Emission Rste (lb/hr) t

Acetaldehyde Emission Fka  te (lb/hr) *

Total Aontaldehyde  Emission Rate (lbs/hr) *

671.0

0.638

2.09

2.06

1
S73.6

556.8

0.671

1.76,

1.71

I
832.+! 7 1 . 6

820.8 90.8

0.437 0.096

9.62 0.26

9.48 0.33

9.806

1281.9 840.6

1298.9 807.6

0.913 0.66

0.31 2.04

0.31 1.96

853.9 573.6

852.1 562.6

0.817 0.671 a

0.20 1.39

0.20 1.36

3.275
:.“, .”

.:
:.:

33.97

0.032

0.101

0.100

w

%
18.47 40.7 40.7 23.20 5.10

18.46 40.00 3 9 5 8 22.54 23.94

0.018 0.048 0.048 0.012 O-02.5

0.004 0.094 0.119 0.2S6 0.018

0.004 0.093 0.116 0.249 0.082

21.30

2-2.61

0.018

0.006

0.006

70.6

67.79

0.055

0.164

0.157

10.2130.263 0.331-- -

’ Valuea calculated from average  concentrations determined from multiple GC analyses.

* Values calculated from averaBe  Ethanol/THC  and Aoetaldchyde/THC  ratios (ETOHRHC  and AA/THC)  incorporating

both GC and THC analyses: E T O H  Cont. = Av~ (ETOH i /THC  i ) * (Av$ THC): ETOH Emissions =  (AVB  ETOH Cont.)  * Flow

A A  Cont.  = Av~ (AA i A’HC  i ) * (Av~ THC): AA  Emissions =  (Avg  AA Cont.)  + Flow

a Assumed value taken from similar location.



Table 3-15, Ethand  and Acetaldehyde  Emissians  Test Results (amf-)
. EPA Bakexies,  Site-3  (1992)

THC Cont. (ppmC&ct) I 2323.2 I 9s1.9

Ethanol Chnc. (ppmvhuat)  1 llcB.7 86

Ethanol Cont.  (pptnv/wst)  2 971.1 56.8

EthanoVTHC  Ratio 0.418 0.060

Ethanol Emihon  Rate (Ib/hr) ’ 12.77 0.31

Ethanol Emiraion  Rate (Ib/hr\ 2 11.22 0.20

Total Ethanol Emirrion Rata (lb&t)  2 I 11.420

Aacltaldehyda Coot.  (ppmvrkrst)  ’ 31.40 6.90

Aoetaldehyde Coat.  (ppmv/wst)  2 31.60 5.14

AcetaldehyddTHC!  Fkatio 0.014 O.OOS

Acetaldehyde Emission Rate (b/h) ’ 0.347 0.024

Acetaldehvde Emission Rate tb/hrl 2 0.349 0.018

Total Acetaldehvde  Emission Rate lbs/hrb  2 I 0.367

997 82.7

1061.3 53.8

0.45 1 o.as7

11.52 0.30

12.26 0.19

12.4s2

22.50

26.12

0.011

0.249

0.289

5 is- .-  c

7.36

O.CMM

0.019

0.025

0.314

9S 4.8

984.6

0.806

0.23

0.23

20.77

0.017

O.OOS

O.OOS

796.9

0.848

1.96

1.93

594.4

o.w3

1.83

1.82

35.4
I

SO.00

36.74

0.039

SO.84

O.OSS

0.082
I

0.147

’ Valuea calculated from averaBe concentrations determined from multiple GC anabs-.

2 Valuea calculated from avarap  EthanoVI’HC  and Awtaldahydq/THC!  ratios (ETOH/rHC  and AA/THC) inmrporating

both GC and THC l nalyuea: ETOH Cont. = Av~ (ETOH i /THC  i ) * (Av~ THCr): ETOH Emissions = (Ave  ETOH Cont.)  * Flow

AA Cont.  = Av~  (AA i /THC  i ) * (Av~  THC): AA Emissions = (Avg AA Cont.)  * Flow



Table 3-15, Ethanol and Acetaldehpde  Emission  Test Results (cont.)
EPA Bakeries, Site 3 (1992)

Ethanol Cow.  (pptnvbvat)  1 460.5 46.2

Ethanol Coat.  @pmvhYd)  2 411.6 37.2

EthanollTHC  Fbtio 0.203 0.0341

Ethanol Bnierion  R&s  (lb/k) ’ 5.32 0.17

Ethanol EM&on  fita  (Ibhr)  2 4.7s 0.13 1s  98

Total Ethanol Em&ion  Rate (Ibr/br) 2 I 4.887
. . . . ‘.:.: . : . : . : .~.:. : .f . . : . : . : . : . . . : .~.,. : . : . : . : . : . : . : y.:.: . : . : . :  ‘ . : . : . : . : . : . : . : . : . ’ . . . . . . . . . . ., .._.,.  . , . , . , . . , . . . ,. ,. ., . , . ,. . ,. ,. , . , . ,  ._.  . . _ . _ , . _ , . .,.;  _., ._.  ,.9 . . . _.  ,. ,.:+:.:.  . , . , , , . _ : _ . . .:.  _.::;:  .. ;  _.  . . . . . . . : . . . . : _  :i  :_:.:  . . . . >:,>:_:. . ‘ . ’  5’:::.  .‘.‘.‘.‘.‘.~.~  :.  . ... : , : . : . ) : . : . : , : , : , : , : . : , : , :  . , . , . . . , . ,  , . . . . . “:‘,: : : : : : : ; : : . ‘ , :  : : : : : : :  : . : :.~;~c:lf...xx%:::.:.:.~.:  : : : : :,c..,.  . . _.:  .:  .._.  ~::.:::.’  ._. “““:::::::::::‘-:.:.  ..:,I:.~.~.....~.~.~,.,  . . ..._..,, .““““““‘.‘.~.“c.:~:;~  . . . . . . . . . . . . . . . . ..;.  .:., . . . . . . , . _ ,,.:::.::  : : :.; , . . ..“.‘.‘.‘.‘...~~,.~.~~.~,~,.~~.~~ .;~f&;,;~::;  : : : : : : : : , : : : . , , , : . , .
~

Acetaldehyds  Cow.  (ppmvbet)  ’ 28.40 3.52

Acetaldehyds Cont.  (ppmvbst) 2 25.35 3.38

Acetaldehyde!THC  Fkatio 0.013 0.003

Acetaldehyda Emirsioa  Rate (Whr)  ’ 0.314 0.012

Acetaldehyda Emiosion  Rate (Wht)  ’ 0.280 0.012

Total  Acetaldehyde Emission Fkate  (lbs/hr) 2 I 0.292

. , . ,. . ,.‘I  ‘_‘.’  .’. : . : > _: : .: . : _ _:. . _ __ : . , .~&Pn
v..::..:  .: . . :__ . .._ . .
: , .$$g&&  .J’  ‘,.::

2.S  13.6

S

1383.2 l

S

S

966.2

:.. ..:::_ .’
.I,.  _. :

1609

123.7

0.128

5.78

0.44

15 976  a
.:itili’,‘i’ifii~‘i:::.:~:~:.:.‘.:..  : ; j . :  ‘p::,  .:y: ‘ _ : , : _  ‘. : ;  ::,: ,. ‘..  .  .  .  .  .  .  . : . .> . . ., , _ ._,_: ‘:, : . ‘ , : , : . : . : . : ,>  .:_:.:  : ,.I : .: :. ,  :‘ : .y :_ ,.__  :~.,.,._.,.~,.,.__.,,,.,._._...,,.,.,,  ,,,,  : .: ‘. , . :.‘.::  ‘. .,, ;: .:;::..  .’ ,:

0.283 1 0 . 0 1 6

0.300

S 229.4

1297.8 a 183.4

S 0.183

S 0.82

14.99 0.66

14.990 a

14.3 14.30

29.35 1152

0.012 0.012

0.158 0.049

0.324 0.040

0.364

’ Values calculated from average concentrations determined from multiple GC analyses.

2 Values calculated from average EthanolRHC  and AcetaldehydeJTHC  ratios (ETOHITHC  and AA/THC)  incorporatiq

both GC  and THC analyses: E T O H  Cont. = Av~  (ETOH i /THC  i ) * (Av~  THC): ETOH Emiss ions  = (Avg ETOH Cont.)  * F

AAConc.  = Av~  (AA i /THC  i ) * (AVB THC): AA Emissions = (Avg AA  Cont.)  * now

S = Suspect  GC Analysis

a due to the invalidated ethanol GC results, this value was alculated  as folows: ((VOC  Cont.)  - (AA Con<:  + 1.23)) / 1.42

where 1.23 and 1.42 are the carbon e.quivalent  correction factors for AACH4 and Ethanol:CH4,  respectively.



Table 3- 16. Method 25A and Method 18 Emissions Tests Results,
Front (Oven) Stacks, EPA Bakeries, Site 3 (1992)

FRONT/OVEN STACK
UN IIME MEMOD M-I8GK=fESUL=IB  GCm IIic  PROPORnONS  c

AcEr-  RAlwb

RESULTS’

-~ (W
13 10:58:08 1404.4 1281.9 2.31 25.3 132.0 0.913 0.002 0.018

13 1 AVG 1 1422.71 1281.91 2.3 1 25.3 132.0 0.913 0.002 : 0.018
JA 11:16:38 8.82

18.11
386.2
1036.9

1028.5
1683.4

2547.6

1878.2
2248.C

2133.1

2250.4

2323.2

388.9
654.3

853.4

0.63
0.46

0.56

148.0 1.007
119.2 0.824

18.63 117.2 0.809

0.002
0.000

0.001

853.9 0.5 18.5 118.2
670.2 660.8 10.8 96.8

0.817 I
0.398

752.2 180.4 22.4 90.3 0.532
>

0.489

0.128

1246.1

651.95

935.5

540.2

655.3 33.1 96.8 0.257

740.3 25.4 86.7

23.3 22.93 83.3

716.3 24.37 74.2

0.373

0.565

0.265

0.324

832.7
1265.4

23.2 88.0 0.437 0.244
30 108.1 0.572 0.207

1362.7 32.1 110.2 0.176

1029.9

122wl

32.2 92.4

31.4
IA 15127127 1104.5 132.95 7.71

103.8
99.4

0.639

0.456

0.5581
0.120 0.671

0.023
0.017

0.018

0.018
0.006

0.016

0.013

0.011

0.014

0.012

14

Li-
Is

16

16

ii-

AVG
12:03:38

12:40:25

12:58:25

13:25:55

AVG
14:14:27

14132127

14:50:27

AVcf 0.014
0.007

19.69 86.4 0.323 0.392 0.011

742 29 96.3 0.448 0.312 0.012

596 33.4 110.4 0.583 0.258 0.014

I
879.8 1 27.4 97.71 0.451 0.320 0.013

a THC averages calculated from the full CEM data bnse  (not just  the above entries)
bGC~CRATIO = (ETOH/1.42+AA(l.23+CH4)/MC*100where:  1.42 = EthanolCECF,  1.23=  AcetaldehydeCECF
c THCproportionswerecalculatedas:EWiHC  = ppmvethanoi/ppmCMC,CH4~  = ppmvCH4/pmCTtiC,

NA= NotApplicable.Valueswerenotusedintheruna~.
IWlHC= ppmvacetaidehyde/ppmCMC



Table 3-16. Method 25A and Method 18 Emissions Tests Results (cant),
Front (Oven) Stacks, EPA Bakeries, Site 3 (1992).

FRONT/OVEN STACK
1UN ilME MRHOO MEll-KXl rsGC RESULT8 GC/THC THC PROPORTlONS  =

25ATHC EIHA ACE-r-  FlATlob

RESULTS’ ALREWDE
(ppmW=O @pmw  L (w)

0.28254.8 0.177

116.7 0.806

116.6

116.8

0.804

0.807

N A  16:39:57 2452.9 435 691.0 28.82
II I18 10:17:09

10:34:59

10:52:49

1122.3 1.1 18.9

18 2.1 19.6

18 1.8 21.9

0.012

0.017

0.018

0.017

-T-

I
0.001

0.002

0.001

L
Ii-

I 1221.6\ 9551 f.?f 20.1 1 lli9.7  1 0.806~  0.001 [ 0.017

JA 11:19:39 2135.1 733 531.0 19.3 74.7 0.343 0.249 0.009

4A 11:37:29 677.1 405.0 12.3 111.1 0.346 0.598 0.018

19 11:55:49 2284.9 579 779.0 30.8 71.7 0.253 0.341 0.013

19 12:13:39 2234.7 342 1770.0 26 102.4 0.153 0.792 0.012

19 IAVG I 2027.8 1 4611 1274.Sf 28.4 87.1 0.203_ 1 0.566 1 0.013

N A 14:23:59 2277.0 155 792.0 13.9 45.2 0.068 0.348 0.006

20 14:41:59 2520.7 90 225.0 15.7 14.8 0.036 0.089 0.006

20 15:00:19 2696.4 367 669.0 33.2 45.7 0.136 0.248 0.012

20 15:18:29 2325.9 652.0 28.1 55.8 0.185 0.280 0.012

L
2 0 pm I 2SlS.8 1 I 515.9 1 25.7 i 38.7 o.t19 0.206 1 0.010

1759.1 11.3 131.8 0.140 1.111 0.007NA 15:36:19 1683.6

408.0 22.5

820.0 28.7

761.0 31.7

838.0 27.3

38.1

42.1

76.1

48.6

0.108

0.081

0.327

0.213

0.282

15:54:39 1904.1

16:13:09 2791.3

16:32:19 2701.7

16:50:09 2821.3

221

205

225
T2 1

2 1

2 1

2 1

a THC  averages calculated from the full CEM data base (not just the above entries)
b GC/lHC  RATlO  = (ETOH/1.42+M/l.23+CX-M)~C  * 100 where: 1.42 = Ethanol CECF

1.23 = AcetaMehyde  CECF

c THC proportions were calculated as:ElH/THC  = pprnv ethanol/ppmC  THC,  CH4/lHC = ppmv CH4/  pmC THC,

NA = Not Applicable. Values were not used in the run averages. AA/THC = ppmv acetaldehyde/  ppmC  THC
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Table 3- 17. Method 25A and Method 18 Emissions Tests Results (cant),
Rear (Burner) Stacks, EPA Bakeries, Site 3 (1992)

REARfWRNER  STACK
TIME Mmioo  38Gc  REstnls Gcfrw

ACET-  RATlO  b

14

RESutfs’ AlDDM)E RATIO
@pmclwsQ) (ppmvm9 (%I

10:49:08 1066.7 680.5 8.0 34.5 95.3 0.838 0.007

AVG-02d I- i 1051.8~ 680.5 8.0 i 34.5 95.3 o.8a81 0.007

11:07:08 1273.8 840.6 12.1 70.6 101.5 0.660 0.009

AVG-E31d f 1226.7 ,j /846.6 i 12.1 70.6 101.5 0.860 o.oo~

11:45:38 854.9 573.6 4.0 40.7 101.6 0.671 0.005
I I I

AVG -02 d 854.9 1 573.6 1 4.0 1 40.7 101.6 0.671 f 0.005

12:12:25 53.8 0.0 24.9 3.0 53.3 o.ooo 0.465

12:31:25 1318.5 107.1 751.5 6.6 69.1 0.061 0.570

12:49:25 140.3 28.3 71.9 5.2 84.4 0.202 0.513

13:16:55 1514.3 150.8 860.2 5.8 71.4 0.100 0.568

t

I I I I
AVG I 946.2 f 7g.6 1 427.lI s-1 1 69.6 0.096 1 0.529

0.032

0.032
0.055

0.055

0.048

0 . 0 4 6

0.055

0.005

0.037

0.004

0.025
0.003NA 13:44:55 1521.6 113.1 863.0 4.9 87.7 0.074 0.567

16 14:23:27 1253.0 43.6 784.0 7.5 68.2 0.035 0.626 0.006

16 14:41:27 1086.4 63.4 895.0 6.8 91.4 0.058 0.824 0.006

16 14:59:42 1757.6 150.9 2030.0 6.6 128.2 0.066 1.155 0.067

18 1 AVG I 951.9I 86.oI 1238.s[ 7.0 / 95.9 Q.060 0.868f
NA 15:08:27 1519.8 744.9 872.0 31.5 129.5 0.490 0.472 0,021

NA 16:30:57 297.0 0.0 663.0 5.2 232.1 o.ooo 2.300 0.018

17 15118127 1547.0 145.6 1890.0 4.9 135.9 0.094 0.547 0.003

17 1536127 1675.9 79.2 1980.0 5.2 125.2 0.047 1.181 0.003

17 15154127 1018.9 42.0 824.0 6.3 87.5 0.041 0.809 0.006

17 16:12:57 1362.8 64.0 1930.0 5.5 149.9 0.047 1.427 0.004

f7 ;AVG I 943.9 f 82.7 5.5 t24.6 0.051 0.99116s6.0, j f 0.004

a THC averages calculated from the full CEM data base (not just the above entries)
bGC/THCRAllO=(ETOH/l  .42+AA/123+CH4)/THC+100where:  1.42=  EthanolCECF

1.23 = Acetaldehyde CECF
c THC proportions were calculated as:EMmC = ppmv ethanol/ppmC  THC, CH4/lHC = ppmv CH4/  pmC THC,
dB1 =Bumerl.B2 = Burner 2 (Bun Oven) AAfTHC = ppmv acetaldehyde/  ppmC  THC
NA = Not Applicable. Values were not included in the te!g run average,
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Table 3- 17. Method 25A and Method 18 Emissions Tests Results (cant),
Rear (Burner) Stacks, EPA Bakeries, Site 3 (1992).

REAR/WRNER  STACK r

SUN iwE METlum  18 Gc REsln-rs Gcy7Hc 7Hc  PRoPOFrnONS  =
ElHANOl  MEMANE  MET-  RATlOb

ALDEHYDE

6wwQw  (w)
I’

18 11:01:49 954.6 672.2 5.7 43.2 106.2 0.704 0.006 0.045

1
18 10:26:09 891.8 519.0 7.9 56.8 91.4 0.582 0.009 I 0.06y

18 'AVG-62d 924.4f seS.61 6.6 j SO.0 96.6 0.643 0.007 0.054
18 10:43:59 866.1 562.0 8.0 49.1 100.0 0.649 0.009 0.057

18 11:10:49 1011.6 1060.0 2.5 21.6 151.7 1.046 0.003 0.021

18 ~AVG-131d 1 939.71 811.0f 5.2 95.4 125.9 0.848 0.006 1 0.039
rlA 11:28:39 1782.3 82.8 2050.0 3.3 121.8 0.046 1.150 0.002]

19 11:46:39 793.6 23.4 1660.0 3.0 216.3 0.029 2.117 0.004 I

19 12:04:49 1786.6 69.0 2070.0 4.1 121.6 0.039 1.159 0.002

1s JAW ] mao.2~ 46.2, 1875.01 9.5 1 189.U 0.034 1 1.636 1 ', 003i..,
NA 14:15:09 1126.7 27.9 1820.0 4.5 165.5 0.025 1.615

NA 14:32:49 78.2 19.9

56.7

230.0!196.0

3.3 114.0 0.254 0.727

143.2

136.8

0.127

0.116

0.890

1.229

1.199

4.4

3.6

4.7

444.8

1635.2

1664.615:27:29

0.010

0.002

0 !y:  .

-.-
20 AVQ m6.2 f 180.9 f 1475.5 1 4.2 1 129.4 1 O.1261  1.106 1 0.005
NA 15:45:29 214.6 46.4 104.0 2.4 81.9 0.226 0.465 0.485

rl-

16:03:39 495.4

16:21:59 1322.0

16:41:29

165859

80.1

447.0

187.0

54.3

1760.0

804.0

881.0

834.0

3.5 379.1

32.2 111.8

4.9

5.9

95.8

95.2

3.553 0.007

0.608 0.024

0.733

0.864

0.004

0.006

0.162

0.338

0.156

0.056

21

21

21

21

21 A V G 1002.1~ rj.3 1 tot.0 1 0.183 1 0.735 1 0.012
a THC  averages calculated from the full CEM  data base  (not just the above entries)
b~~CRAT10=(ETOH/1.42+AA/1.23+CH4)/lHC*100where:  1.42=EthanolCECF

1.23~  AcetaidehydeCECF
c THCprOportionswerecalculatedas:RH~C=  ppmvethanol/pprnCTHC,CH4/Tm=  = ppmvCH4/prnCTHC,
dB1=Burner1.B2 =Burner2(Bun Oven) MC = ppmvacetaidehyde/ppmCTHC
NA= NotApplicable.Valueswerenotincludedinthetes.trunaverage.

L 'JL k
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Figure 3-13. Run 13 Method 25A and Method 18 Results (adjusted to ppmC) .
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Figure 3-14. Run 14 Method 25A and Method 18 Results (adjusted to ppmC) .
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Fiaure  3-15. Run 15 Method 25A and Method 18 Results (adjusted to ppmC)  .
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Figure 3-16. Run 16 Method 25A and Method 18 Results (adiusted  to PprnCI  .
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Figure 3-18. Run 18 Method 25A and Method 18 Results (adjusted to ppmC) .
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